Background/Purpose: Interictal brain 18 F-fluorodeoxyglucose (FDG) positron emission tomography (PET) is useful for localizing the focus of a seizure, and thalamic hypometabolism has been observed in temporal lobe epilepsy (TLE). In this study, we aimed to investigate the prevalence of thalamic hypometabolism and to assess the usefulness of this supplementary finding for lateralizing epileptic foci on FDG-PET scans in patients with TLE. Methods: This was a retrospective study of 47 patients who underwent anterior temporal lobectomy to treat medically intractable TLE. Other inclusion criteria were age older than 18 years, preoperative interictal FDG-PET, no structural abnormality (except for mesial temporal sclerosis) on preoperative magnetic resonance imaging, and seizure-free status (Engel class I) for at least 2 years after the operation. The presence and location of hypometabolism on FDG-PET scans were recorded. Results: Of the 47 patients examined, 12 were subsequently excluded. Concomitant hypometabolism in both the temporal lobe and the ipsilateral thalamus was observed on FDG-PET scans in seven (20%) of the remaining 35 patients. One patient had thalamic hypometabolism contralateral to the hypometabolic temporal lobe. Conclusion: Ipsilateral thalamic hypometabolism is a supplementary finding on FDG-PET scans in patients with TLE and can aid in lateralizing epileptic foci during FDG-PET. However, in rare cases, hypometabolism of the contralateral thalamus can occur and cause false lateralization. [J Formos Med Assoc 2008;107 (7): [567][568][569][570][571] 
Positron emission tomography (PET) has been used for more than a decade to examine patients with epilepsy. In most studies, 18 F-fluorodeoxyglucose (FDG) is given in the interictal state. In 60-90% of patients with temporal lobe epilepsy (TLE), interictal FDG-PET depicts hypometabolism in the epileptogenic region. 1 Many patients with TLE also have extratemporal hypometabolism, though the importance of this finding remains unclear.
Thalamic hypometabolism in patients with TLE is well documented. 2 Because the thalamus has diffuse connections throughout the brain, its role in seizure activity is likely to be complex.
The purpose of this study was to investigate the prevalence of unilateral thalamic hypometabolism in patients with TLE and to determine whether this finding is beneficial for lateralizing epileptic foci on FDG-PET scans.
Methods

Patients
Interictal FDG-PET scans of 47 adult patients were studied retrospectively. The study group was selected from 90 consecutive patients who underwent anterior temporal lobectomy (ATL) to treat medically intractable TLE at Taipei Veterans General Hospital in Taiwan between February 1993 and May 1996. Eight patients with foreigntissue lesions, including tumors and vascular malformations, in the temporal lobe were excluded to ensure a uniform patient population. Other inclusion criteria were age older than 18 years, preoperative interictal FDG-PET, no structural abnormality except for mesial temporal sclerosis on preoperative magnetic resonance imaging (MRI), and seizure-free status (Engel outcome class I) for more than 2 years after surgery. 3 Standard ATL with tailored resection was performed with the patient under general anesthesia and with guidance from intraoperative electrocorticography and recordings from depth electrodes aimed freehand at the amygdala and hippocampus. Resection included the mesial temporal structures (amygdala, anterior hippocampus, and part of the hippocampal gyrus) and the region of the temporal neocortex in which electrocorticograms showed epileptiform activity. For all patients, resected specimens were sent for pathologic analysis. One neurosurgeon (Dr Shih) 4-7 performed all of the operations.
PET
FDG-PET studies were performed with an eightring Scanditronix PC4096-15WB PET scanner. The system produced 15 contiguous slices 7 mm thick and had an axial resolution of 5.6 mm fullwidth at half maximum in the center of the field of view. Patients fasted for at least 4 hours, then received an intravenous injection of about 10 mCi of FDG. During the 45-minute uptake period, patients were kept in a dim, quiet room. They were instructed to close their eyes, but their ears were not occluded. Electroencephalography was not performed at the time of PET.
Most of the FDG-PET images were reconstructed with attenuation correction by using transmission images obtained with a germanium-68 ring source. For other images, contour findings were used to correct the attenuation.
Two observers (Dr Yu, Dr Chang) visually analyzed each study for abnormalities. They considered a PET study abnormal if an area of relatively decreased glucose metabolism was seen on at least two contiguous slices. If their interpretations differed, they reached a consensus opinion on joint review.
Results
Of the 47 patients examined, 12 (patients 40, 46, 69, 75, 89, 91, 101, 103, 105, 106, 110, 115) were subsequently excluded because their FDG-PET images were unusable as a result of technical artifacts or asymmetric cranial positioning (i.e. excessive lateral tilt of the head). Therefore, we analyzed data from 35 patients (25 men, 10 women; mean age, 29.7 years; range, 20-40 years). Pathology revealed gliosis in all of these patients.
Seven (20%) of the 35 patients had concomitant hypometabolism in both the temporal lobe and the ipsilateral thalamus (Figure , Table) . In four patients, interictal FDG-PET revealed hypometabolism in the left temporal lobe and the ipsilateral thalamus. MRI depicted mesial temporal sclerosis in three of these patients and normal findings in one. Three other patients had hypometabolism in the right temporal lobe and the ipsilateral thalamus. MRI showed mesial temporal sclerosis in two of these patients but normal findings in one.
Patient 48 had thalamic hypometabolism contralateral to the hypometabolic temporal lobe. 
Discussion
Three standards are applied to verify accuracy of any neuroimaging technique for localizing an epileptic focus: electroencephalographic results, pathologic findings in resected tissue, and outcomes of epilepsy surgery. To our knowledge, few PET examinations with surgical outcomes data have been reported. 8, 9 We used surgical outcomes as the standard for localization.
On FDG-PET, hypometabolism in the extratemporal cortex is not an uncommon finding in patients with TLE. Some investigators believe that the thalamus plays a role in regulating or gating seizure activity. Yune et al 10 reported thalamic hypoperfusion ipsilateral to temporal hypoperfusion in 12 (26%) of 46 patients with TLE who underwent interictal brain single-photon emission computed tomography (SPECT). Thalamic hypometabolism ipsilateral to the focus of a temporal lobe seizure has similarly been reported for TLE. 2, [11] [12] [13] [14] Henry et al 2 reported abnormal regional asymmetry of the thalamus in 17 (63%) of 27 patients. The prevalence of thalamic hypometabolism suggests a pathophysiologic role for the thalamus in initiating or propagating temporal lobe seizures. Other studies showed a correlation between thalamic activity and seizure activity. 10, 13, [15] [16] [17] [18] [19] However, the exact mechanism of ipsilateral thalamic hypometabolism remains unclear.
Hyperperfusion of the contralateral thalamus is reported in ictal SPECT studies of patients with intractable epilepsy. 20 In patients with TLE, contralateral thalamic hypometabolism is an uncommon finding. However, it has been reported in both visual 16, 21 and quantitative analyses. 13, 16 Contralateral thalamic hypometabolism may reflect diffuse disease such that an increased portion of the temporal lobe or other areas, possibly even in the contralateral hemisphere, is involved in generating the seizure disorder. Newberg et al 21 reported that thalamic hypometabolism contralateral to the apparent seizure focus was a risk factor for persistent seizures, though patients with thalamic hypometabolism ipsilateral to the removed temporal lobe also had a somewhat increased risk of postoperative seizures. Although all five of their patients with reverse thalamic asymmetry had postoperative seizures, the authors mentioned that a sample larger than theirs may show that some patients with reverse thalamic asymmetry have successful surgical outcomes. One of our patients with contralateral thalamic hypometabolism (patient 48) was seizure-free after surgery. The clinical implications of contralateral thalamic hypometabolism need further investigation.
Patient 51 had thalamic hypometabolism without ipsilateral or contralateral temporal lobe hypometabolism. The pathophysiology of this finding is not easily explained. However, Henry et al 2 reported that three of 27 patients had thalamic hypometabolism in the absence of temporal lobe hypometabolism. They suggested that any of the anatomic patterns of interictal hypometabolism can occur in individual patients with TLE.
Follow-up FDG-PET scans of four patients (patients 33, 47, 48, 80) were studied recently and all of these four patients were found to have disappearance of the thalamic hypometabolism after temporal lobe surgery. Our observations imply that thalamic hypometabolism is related to TLE. Because the number of cases is small, further studies are needed to confirm these important findings.
The visual analysis of the PET images was a possible limitation of this study. However, two experienced nuclear medicine physicians interpreted the images in consensus. Moreover, results from visual analysis of brain FDG-PET images are well correlated with results from statistical 22, 23 and quantitative 24 analyses in the evaluation of patients with epilepsy.
